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Since the time of LITTLE (1862) it has been believed that abnormal parturition, 
di伍cultlabour, premature birth, and asphyxia neonatorum play important roles in 
the development of cerebral palsy. Autopsy of fetuses and newborns revealed, in a 
large number of cases, violent intracranial hemorrhages from rupture of the cerebral 
veins, especially the great cerebral vein of Galen and the superior cerebral veins. 
From these findings, it has generally been recognized that hemorrhage from rupture 
of the superior cereトralveins is located toward the vertex of the brain, thus affecting 
chiefly the legs, or the hemorrhage may extend lower on the cortex and also a百ect
the arms, resulting not infrequently in a high decorticate state, in which the reflexes 
of Magnus and de Klc~·n and the righting reflexes are developed. Furthermore, it is 
supposed that typical decerebration or localized destruction of the striate nuclei and 
the thalamus may be caused 同’ hemorrhagesfrom rupture of the internal veins or 
the great cerebral vein of Galen through which the blood from the interior of the 
brain drains. 
YAGI (1935) classified the causation of asphyァxiaof newborn into three groups : 
(1) The自rstgroup : General congestion in th€ fetal body (due to the umbilical 
or placental hindrances）→ disturbance of the fetal heart →disturbance of gas exchanges 
→excitement or paralysis of the respirator~γcenter →premature respiration →asphyxia 
(asphyxia su町ocatorias. pulmonalis) 
(2) The second group: Cranial stress (natural or artifical）→ elevation of 
intracranial pressure→ cerebral lesion or intracranial hemorrhage →asphyxia (asphyxia 
apoplectica s. cerebralis) 
(3) The third group : Anomalies of the heart→ weakness of the heart beat 
→asphyxia (asphyxia cardialis) 
Yagi reported that intracranial hemorrhage with or without laceration of the 
dura mater was found in 135 of 357 cases of neonatal death. He emphasized that 
in the mechanism of the hemorrhage three cranial factors stasis, stress and resistance 
-play important roles, acting supplcmentally to one another. 
The American Academy of Cerebral PALSY (1955) presumed that anoxia, cerebral 
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hem )JThage and cJntusi〕1ヨarethe cauntive natal factors resp:msible for approximately 
30 per c3nt of al cases. WmoLE and BECKER (1953) examined the e町ectof acute 
anoxia for a duration of about 8 minutes an the brain of the fetal guinea pig. In 
this exp巴riment,multiple capillary hemorrhages and occasionally larger ones ＼＼℃re 
found in al animals between 3 hom・s and 5 cl何百afterresuscitation, in half between 
30 minutes and 2 hours, and in none killed l乃l the asphyxia. Futhermore, cytologic 
changes were found in al specimens betwcじnone and one-half hours and 21 days 
after resuscitation. These pathological changes in the fetal guinea pig brain cam:ed 
li~· acute anoxia of short duration bear some resemblance to those in the human 
fetal brain. HcJ¥℃＼・er, hemorrhage large enough to cause death of the newborn never 
occourred in their experiment. Human fetuses arc occasionall:v subjected to prolonged 
anoxial conditions during birth. It should be of great interest to stucl~’ the effect of 
prolonged anoxia on the fetal brain. 
Material and Method 
Twenty non-pregnant adult rabbits and白vepregnant rabbits close to term, 25 
to 28 days after fertilization, were used for the experiment. In the present investiga幽
tion, in order to stucl~＇ the e町ectivenessof prolonged anoxia on the brain, it was 
decided to utili詑 thesimple expedient of placing the animal in a closed container, 
in which the rabbit consumed the oxn;en, finall~ア being asphyxiated. Only air was 
in the container at the start. With the consumption of the oxygen, the animal 
unden＼℃nt a p巴riodof excitement, finally falling into convulsions one and one・half
to three hours after the beginning of the experiment. It was then removed and 
resusciated b:-・ artificial respiration. This procedure wa日 carriedout once in four 
pregnant animals, and twice at an interval of 21 hours in another one. One animal 
died from asphyxia, and three were killed 6 to 24 hours after resuscitation. The 
fetuses were removed by Cesarean section. The remaining one was delivered by 
normal labor on the day following the experimental procedm℃. The fetal brain was 
expos吋 bypartial resection of the skull, observed macroscopically, and removed from 
the skull after fixation in ethyl alcohol. In the non-pregnant adult rabbit, the 
experimental procedure mentioned above was carried out repeatedly at an interval 
of two to three days. Sections from fetal and adult brains 1vcrc cut and stained 
with hematoxyliiトeosin and bγthe method for showing Nissle bodies. Moreover, 
sections from adult brains were stained by methods for the demonstration of the 
neuroaxon, myelin sheath and lipoid. 
Results 
1. Influence of 入noxiaupon the Brain of the Fetal Rabl、it
The 1・C凡ult,;of the presentむxp:::rimentsarc briefly shown in Tables 1 and 2. In 
th es巴 cxp~riments, 20 dead fetu幻日 and 23 newborns were obtained. Of the dead 
fetusc日， l·~ ＼＼℃1・cmature and 6 were immature. 
In al cl2ad mature fetuses, violent and extensi¥-e hemorrhages from rupture of 
sup巴riorcerebral veins, the sagittal sinus, the great cerebral vein of Galen and the 
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Table. 1 
C出 eNo J 2 3 4 _l ＿~J－~竺型」 竺…L
Nur凶εrof times of experimental I 1 1 1 z 1 i
procedure performed I 
I n I Normal i Typeぱ deliv町 I Cesarean section I delivery I 
Time lapsed from anoxia 
to removal of fetus (hrs.) 1 2 12 24 6 : 12 I 
Number and condition 
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Table. 2 Macroscopic Findings in the Brain of Fetuses and Nowborns 
10 6 6 。。。
I 0 I 
11 6 7 
Case No. Type of delivery ！ 早？空空空








2 3 2 
0 0 1 
0 1 2 
1 1 4 
2 2 2 






cerebellar veins were observed (Figs. 1, 2 and 3). 
and softened. 
The brains were totally necrosed 
In 12 cases of newborns, no hemorrhage was macroscopically seen. In remaining 
11 cases, moderate ・hemorrhages from rupture of the sagittal sinus, the sur光rior
cerebral veins and the cerebral vein of Galen were found. In addition, in the majority 
of the latter cases, mild hemorrhages from rupture of the cerebellar veins and the 
basal veins and frequently hemorrhage into the tela chorioidea were also seen (Figs. 
4, 5 and 6). However, neither extensive hemorrhage nor capillary leakage in the grey 
and white matter was observed in any of these cases. In most cases involvirtg 
newborns ・with or without intracranial hemorrhage, no pathological change in the 
nerve cells was detected. But, in three cases with intracranial hemorrhage, extensive 
or localized areas of necrosis were found. These pathological changes in the brain 
were briefly summarized in Table 3. The fin【lingsin individual cases will be described. 
Case 4-1. In this case, the pregnant rabbit ¥vas subjected to anoxia two times 
at an interval of 24 hours. The newborn was removed by Cesar℃an section 6 hours 
after the end of the experiment. Macroscopically, explosive hemorrhages from rupture 
of the superior cerebral veins, the great cerebral vein of Galen and the cerebellar 
veins were observed (Figs. 7 and 8). The cerebrum and the brain stem wc1℃ totally 
necrosed (Fig. 9). This pathological change is equivalent to low decerebration. 
Case 5-1. The newborn was born 12 hours after resuscitation. In this case, 
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marked hemorrhages from rupture of the superior cerebral veins and moderate 
hemorrhages from rupture of the great cerebral vein of Galen and the cerebellar 
veins were observed (Fig. 10). Histological examination revealed total necrosis of 
both frontal lobes, whereas the other parts of the brain remained intact (Figs. 1 
and 12). This pathological change is equivalent to high decerebration. 
Case 5-2. The newborn wa日born12 hours after resuscitation. In this case, 
violent hemorrhage from rupture of the great cerebral vein of Galen and mild 
hemorrhages f1官 nrupture of the superior cerebral veins and the superior cerebellar 
Ycins were ¥'isihle to the unaided c;:e (Figs. 13, 14 and 15). Histological examination 
I℃vealed localized necrosis of both parietal lo!Jcs, ¥'hile the other parts of the brain 
remained intact (Figs. 16 and 17). 
2. Influence of Anoxia upon the Brain of the 1¥dult Rabbit 
In al twent~’ cases, neither hemorrhage nor marked congestion in the brain 
was macroscopicall:-・ observed. However, in the animal subjected to anoxia repeatedly 
more than five times, histological examination proved a widespread absence of myclin 
and slight degenerative change in the nerve cels. The white matter throughout the 
brain and 旬、inalcord was replaced I>:-cystic tissue, in which no myelin could be 
found. The cysts varied in sizじ from approximate！~’ 20 to 100 microns (Figs. 18 
and 19). There was no marked increase in the number of glial cels. In the spongy 
area, no glial cels were found. The special stains used failed to show myelin 
break-down products. No sudanophilic droplets were seen. In most areas of spongy 
degeneration, no axon waぉ stained(Fig. 20). The spong：－ー tissuedid not encroach 
on the gt℃〉’matter. Although the majority of the nerve cells were well preserved 
throughout the brain, a small number of the nerve cells with slight degenerative 
changes such as c~·tolysis and shrinkage were scattered in the grey matter. This 
pathological change increased in extent and intensity with the number of times that 
the experimental procedure ¥'as performed. 
Discussion 
As described above, autups~· of the human newborn suggests that violent 
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intracranial hemorrhages play a most important role in causing cerebral palsy of 
Little’s type. Moreover, it has long been supposed that anoxia during birth is the 
main cause for intracranial hemorrhage in the newborn. In addition:, in the human 
newb::irn removed b:-・ Cesarean section, tγpical intracranial hemorrhage was not so 
infrequently found. In the present experiment, prolonged anoxia gradually progressing 
in intensity caused massive intracranial hemorrhages from rupture of the superior 
cerebral veins and the great cerebral vein of Galen, resulting in extensive or localized 
necrosis of the brain. These pathological changes bear a great similarity to those 
in the human newb)rn caussd by birth injuries. From these pathological and clinical 
facts, it is thought that prolonged a!loxia of the fetus during birth plays a most 
important role in causing intracranial hem{)rrhage, which may become expansive 
through trauma occurring during labor. 
In contrast, the brain of the adult rabbit shows strong resistance to anoxia. 
However, in present experiment, the prolonged anoxia repeatedly performed caused, 
without exception, spongy change in the white matter througuout the brain and 
spinal cord. WOLMAN (1958) i・eportcd a case of a male child aged 16 months with 
quadriplegia due to spongy degeneration of the brain, which was similar to that 
observed in the present experiment. 
Summary 
(1) The influence of prolonged anoxia upon the brain of fetal and adult 
rabbits was studied. 
(2) The pregnant rabbit close to term was placed in a cohtainer, in which 
the animal consumed the o叫・genin the air, finally being asph：－弐iatclone and one-
half to three hours after the beginning of the experiment. 
(3) In this exp2riment, 14 dead mature fetuses and 23 newborns were obtained. 
In al 伺 sesof dead fetuses, violent hemorrhages from rupture of the superior 
cerebral veins, the sagittal sinus, the great cerebral vein of Galen and the cerebellar 
veins ogcurred, resulting in total necrosis of the brain. In 11 cases of newborns, 
m＠、deraもehemorrhages from rupture of the cererral veins were seen. In 3 of these 
ins也nces,extensive or localized areas of necrosis of the brain were found. These 
cel"ebral changes in rabbit were similar to those in the brain of the human newborn 
pr6duced by birth injuries. 
( 4) In the adult rabbit, prolonged anoxia repeatedly performed produced spong＞’ 
degeneration in the white matter throughout the brain and spinal cord. 
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EXPLANATION OF FIGURES 
・Fig:s. 1, 2 and 3. In dead fetuses, violent and extensive hemorrhages from rupture of superi-
or cerebral veins, the sagittal sinus, the great vein of Galen and the cerebellar veins 
are observed. 
Fig:s. 4, 5 and 6. Same cases. Hemorrhage into tela chorioidea. 
Fig・. 7. Case 4-1. Explosive hemorrhages from rupture of the superior cerebral veins. 
Fig・. 8. Same case. A large hematoma compressing the brain. 
Fig. 9. Same case. Necrosis of the nerve cells. 
Fig・. 10. Case 5-1. Hemorrages from rupture of the superior cerebral veins, the great cereb-
ral vein and the cerebellar veins. 
Fig・. 1. Same case. Necrosis of the frontal lobe. 
Fig. 12. Same case. The other part of the brain remains intact. 
Fig. 13. Case 5-2. Hemorrhages from rupture of the great cerebral vein and the superior 
cerebral veins. 
Fig・s. 14 and 15. Same case. Hemorrhage from rupture of the great cerebral vein of Galen. 
Fig. 16. Same case. Necrosis of the parietal lobe. 
Fig・. 17. Same case. The other part of the brain remains intact. 
Fig・s. 18 and 19. Spongy degeneration throughout the brain. 












に取出しP 人工呼吸によって蘇生させた．酸素欠乏の て，痘縮型の脳性麻揮のろちP Paraplegiaは上大脳
持続時聞は 1時間半乃至3時間である．胎児は通常帝 静脈よりの出血が大脳皮質運動領の下肢領域を障害し
王切聞により娩出させた．又成熟家兎にも同様の実験 た場合におこりp 出血が更に皮質の下方に波及して上
を行った． 肢領域を障害すると Quadriplegiaがおこり3 重症の
1）妊娠家兎5例より14例の死産児と23例の生存児 場合には除皮質の状態になり，Magnusand de Kleyn 
を得た． 緊張性頚反射や立直り反射が現われる様になると思わ
2） 死産児の全例に上大脳静脈，矢状洞p 大大脳静 れる．
脈，上小脳静脈からの大量の出血が認められた．叉脳 又大大脳静脈の損傷がおこると，大脳核よりの血液
組織も完全に壊死に陥っていた． の環流が障害されてF 組織壊死を来し，高位除脳の状
3）生存児23例中11例にも同様の出血像が認められ 態を呈すると云うことが考えられる．
た．
